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THE ANTITRYPTIO ACTIVITY OP HUMAN BLOOD SERUM: ITS 
SIGNIFICANCE AND ITS DIAGNOSTIC VALUE . 1 

Hy Richard Weil, M.D., 

OF NEW YORK. 

(From the Department of Experimental Therapeutics, of Cornell University Medical College.) 

It is not much more than a year ago that Brieger and Trebing 
announced that a new characteristic of (lie blood in cases of cancer 
lmd been deterininend. This new’ feature consisted in a marked 
increase in the power of the scrum to inhibit the proteolytic activity 
of solutions of trypsin, and was so constant an accompaniment of 
cancer as to be present in over 05 per cent, of the cases. Since the 
publication of their original paper, investigations on this subject 
have followed each other in rapid succession, so that the literature 
has come to assume a very goodly volume. As the result of this 
accumulation of data, it has become increasingly evident that the 
"antitryptic reaction,” ns it is called, is not an exclusive charac¬ 
teristic of cancer: it appears under certain other conditions of 
disease; it marks the change from brenst to artificial feeding in 
infants; it is a striking feature of the onset of labor and the puer- 
perium, ns contrasted with pregnancy; in other words, it nppenrs 
to be a physiological adaptation of widespread significance and 
value. On the other hand, the fact is not to be gninsnid that the 
accumulation of evidence has not materially weakened the assump¬ 
tion originally maintained by Brieger and Trebing—the antitryptic 
reaction is an almost constant accompaniment of cancer, and occurs 
in a very much smaller proportion of all other diseases. The sig¬ 
nificance of this association between cancer and this biological 
change in the character of the serum must be regarded ns a matter 
of some importance, aside from any practical diagnostic application 
which may attach to it. It is part of the Inrger problem of the 
general constitutional influence exercised by the ncw’growth upon 
its host. In a Inrger view, the physiological value of the reaction, 
nnd its general relation to the subject of immunity, is a matter 
which requires elucidation. In the present pnper the subject will 
be considered from the various points of view which have occupied 
investigators, nnd which have been outlined above. 

Methods . 1 The methods at present in use for determining the 
antitryptic value of serum arc the fruit of a long process of evolution, 
the details of which need not here be sketched. There are essentially 
two methods in common use. The first of these, which was em- 

1 llefernt to the American Association for Cancer Hesenrcli, reail at a meeting Iteld In New 
York City, Novemlwr 27, 1000. 

* A more detailed critique of these methods may 1« found in a paper by (ho author, 
Archives of Internal Medicine, 1010, p. 109. 
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ployed by Briegcr mid Trcbing,* makes use of plates of coagulated 
serum as the medium of digestion; on such plates a drop of solu¬ 
tion of trypsin within twenty-four hours makes a visible depression 
or dell. A series of mixtures of the serum under examination, and 
of a standard solution of trypsin, is prepared, in which a constant 
quantity of the scrum is added to increasing amounts of the ferment. 
Of each of these mixtures a loopful is transferred to the surface of 
the plates, which are then incubated at 55° for twenty-four hours. 
In this manner it is possible to determine in each case just how 
much of the trypsin solution con be totally inhibited by the standard 
quantity of serum, and so, to determine the “antitryptic titer” of the 
scrum. The other method, known both ns that of Fufd and of Gross, 4 
employs a solution of casein as the medium of digestion. The serum 
in constant, and the trypsin solution in ascending, quantities, arc 
added to a series of test-tubes containing equal amounts of casein 
in solution. At the end of two hours of incubation, the undigested 
casein is precipitated in all of the tubes by acidification; note is 
made of the lowest amount of trypsin which produces complete 
digestion, and this is taken to indicate the limit of the inhibitive 
activity of the scrum. The results in both methods are expressed 
in figures, which denote the number of tenths of a cubic centimeter 
of trypsin inhibited. Through a preliminary determination of the 
inhibitory limits of normal serum it becomes possible to determine 
that certain serums have greatly diminished or greatly increased 
inhibitory power. 

As regards the purely technical details of these methods, it may 
be said that both of them suffer from rather serious defects. The 
scrum-plate method is open to the same objection which has been 
made to Mette’s method of measuring the peptic activity of the 
gastric juice by means of the quantitative measurement of the 
amount of egg albumen which it is capable of digesting. Both 
egg albumens and the coagulated serums of different animals differ 
very considerably among themselves in digestibility, so that there 
is not the required constant basis of comparison (Klincbergcr 
and Scliolz 5 ). Furthermore, the visunl appreciation of a minute 
depression on the surface of a scrum plate is a very difficult and 
inexact procedure. When to these sources of error is added the 
fact that incubation is necessarily carried out at 55°—certainly far 
from the optimum for trypsin—and that bacterial contamination is 
a possible, though not a frequent, element of confusion, it may be 
understood that the method yields results only approximately accu¬ 
rate. The casein method is certainly far simpler and easier to 
manipulate. In addition to this, it has the added advantages of 
greater accuracy in the mixture of reagents, a normal temperature of 
incubation, and a period of experiment so short as to exclude bac- 

•Berl. klin. Woch„ I' p. 1041. * Archjv f. exp. Path., 1007, p. 137, 

1 Deul. Arcbiv f. klip. Med., 1008, p. 310. 
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tcrial contamination; furthermore, the “end-points” of the readings 
are fairly sharp and accurate. Briegcr” 1ms objected, with regard 
to this method, that the classification of serums is more or less inexact; 
that the results are inconstant; and that the acid may produce a 
soluble acid albumin, and so obscure the “end-point” of the series 
of readings. None of these objections, however, is valid in fact; 
they are all purely theoretical. Numerous other objections have 
been made to the methods, the most important being that recently 
advanced by Marcus, 7 who was one of its originators. He slates, 
as is well known to be the fact, that only n portion of the trypsin goes 
into solution, and hence maintains that there must be a considerable 
degree of variation in the strength of solutions presumed to be 
equal. He proposes to obviate this very serious difficulty by means 
of the use of glycerin extracts of the trypsin, which preserve their 
strength unaltered for considerable periods of time, and hence may 
be kept as standard stock solutions. Although apparently valid, 
this objection docs not withstand the test of experiment. As shown 
by Dr. Fcldstein and myself, the strength of n series of solutions of 
trypsin, made up independently with equal amounts of the ferment 
and salt solution, is astonishingly constant, and there is no need of 
the modification suggested by Marcus. The insoluble materinl is 
apparently evenly distributed as an inert impurity in the commercial 
trypsins. 

The most serious objection which can be made to the method 
concerns the notation of results. This is apparently very simple. 
The results are stated in units, which represent the nmounts of 
trypsin inhibited, in tenths of a cubic centimeter of the standard 
solution used. This mode of representing the results depends on 
the assumption that the amount of antitrypsin contained by scrums 
is directly proportional to the quantity of trypsin which they are 
capable of inhibiting. In other words, the method presupposes that 
a serum of the titer 0.6 is twice as strong ns one of 0.3. Neither the 
method of Driegcr nor of Uergmnnn permits of an experimental tests 
of this hypothesis, but determinations made with the viscosimeter 
demonstrate that these relationships nre distinctly not so simple us 
demanded by the theory. If an arithmetical series of solutions of 
trypsin be prepared, and the necessary inhibitory amount of serum 
determined for each member of the series, it is found that the quanti¬ 
tative intervals in the higher determination become increasingly 
larger. Consequently, the proportion indicated by the figures 
obtained by the serum or casein methods is entirely incorrect. 
Nevertheless, the relative antitryptic strength of the serums is correct, 
at least from a quantitative standpoint, and it is fair to accept the 
grouping of serums obtained by these methods ns approximately 
accurate. 


•Bcrl. klin. Woch., 1908, 1415, In report of discussion. 
1 Ibid., 1009. p. 150. 



WEIL: ANTITRYPTIC ACTIVITY OP HUMAN BLOOD 


717 


Tlie viscosity method* previously referred to depends on the fact 
that the nmount of digestion produced by trypsin in gelatin may be 
measured by determining the alteration in the viscosity of the latter 
medium. The effect of serum in controlling the activity of the 
trypsin is, of coure, very simply determined. The method offers 
certain very distinct advantages over those previously employed. 
Whereas, by the serum or casein methods, it is possible to make only 
one determination, namely, cither the point of complete inhibition 
or of total digestion, the viscosimeter determines the degree of inhi¬ 
bition at any moment of time. The method, therefore, substitutes 
the use of a single mixture for that of a series, which is a very con¬ 
siderable gain in simplicity of technique. Moreover, the method is 
incomparably more flexible than those previously used, and permits 
of the determination of a large number of factors otherwise inacces¬ 
sible to investigation. 

The results obtained by the use of the two earlier methods have 
been strikingly concordant. Indeed, in comparing the findings yielded 
in a series of cases by both the scrum and the casein methods, I found 
that the data were practically interchangeable. Briegcr originally 
asserted that about 95 per cent, of the cases of cancer evinced a 
marked increase in the antitryptic value of their serum.' He subse¬ 
quently found that in a large number of other conditions, including 
both acute infections and chronic wasting diseases, the same phe¬ 
nomenon could be observed, and he consequently concluded that all 
diseases associated with intense destruction of body protein produced 
this characteristic alteration in the plasma of the blood. Hence, 
although he continued to affirm the diagnostic vnlue of the method 
in all cases of undetermined newgrowth, lie reached the conclusion 
that in general all conditions of “cachexia”—using that term in the 
broad metabolic sense of wasting disease, either acute or chronic— 
were competent to produce it. Further investigation hns, in general, 
given ample confirmation to these conclusions, if the term cachexia 
is interpreted in the peculiar sense in which it was used by Briegcr. 
All observers are agreed that the grent majority of cases of cancer 
give evidence of increased antitryptic vnlue in the serum. In some 
scries the percentage of positive results in cases of cancer ranges ns 
high ns 95 per cent.; in others as low ns 70 per cent. It is, however, 
very frequently found in the acute infections, such ns pneumonia, 
typhoid fever, sepsis, and polyarticular rheumatism; in chronic infec¬ 
tions, notably tuberculosis; in diabetes and severe anemias; and in 
Graves’ disease almost constantly. These data amply demonstrate 
that the change in the scrum is not to he regarded as a characteristic 
biological response to the presence of newgrowths. They indicate 
that it is an evidence of pathological derangement of much wider 

* Since llio presentation of this paper, n preliminary report on the viscosity method lias 
appeared, FeJdstein and Weil, Proe. Soe. Kxp. Biol, and Medicine, February, 1010. 

9 Berl. kiln. Woch., 1008, pp. 1349 and 22G0. 

VOL. 139, NO. 6.— uay, 1010. 24 
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distribution. Furthermore, it seems misleading to consider the 
reaction as characteristic of conditions of cachexia, in view of the 
fact that this term must he extended so ns to include a large number 
of conditions which can by no possibility he classified as cachectic. 
The gcneml condition of nutrition of patients whose serum yields the 
reaction is frequently excellent, nnd could never he understood as 
cachectic. The theory of causation involved in the term “Kachcxic 
Rcaktion” will be subsequently discussed, hut the term itself should 
certainly he allowed to fall into disuse 

Not only under pathological conditions, however, does this reac¬ 
tion occur. It has been found to accompany nnd characterize cer¬ 
tain processes which may he called physiological, although they 
denote a certain alteration in the normal course of metabolism. Its 
occurrence in the blood of infants has been investigated, nnd it 1ms 
been found that such infants ns arc being nourished at the breast 
never display an increased nntitryptic content of the blood (Renss 10 ). 
On the other hand, with the inauguration of artificial feeding, the 
reaction at once becomes prominent. In pregnancy it has been 
found that no nntitryptic reaction occurs, but with the onset of 
labor it makes its appearance, and persists through the puerperinm 
(Ilecker"). 

It is evident that these findings may he discussed either from the 
standpoint of their diagnostic value, or ns a biological phenomenon 
of purely theoretical interest. Dingnosticnlly, the opinion of the 
various authors who have worked upon this problem is strikingly 
in accord. As a general diagnostic method, the increase in the 
nntitryptic index occurs in too many conditions to have the value 
of a specific symptom. On the other hand, the absence of the nnti¬ 
tryptic reaction in the blood may he taken generally ns arguing 
against the existence of cancer, in the presence of a neoplasm of 
doubtful character, a positive reaction, in the absence of complicating 
conditions, notably tuberculosis, argues with a strong degree of 
probability in favor of the diagnosis of malignancy (Roche,” Horl,” 
Urnunstein, 1 * Jinyly 15 ). 

The method hns apparently stood the test of clinical experience, 
and hns proved to he of distinct vnluc when npplied rigidly within 
the prescribed limits. As regards other conditions, Meyer” asserts 
that the reaction occurs with such regularity in cases of Graves’ 
disease, that it may he relied upon in the diagnosis of the numerous 
obscure nnd abortive forms of the disease known ns formes frusles. 
It 1ms been clnimed by Wiens” that the strength of the reaction has 


*» Wiener klin. Woch., 1909, p. 1171. '■ Month, mod. Wocb., 1909, p. 1363. 

11 Archives of Internal Medicine, 1009, p. 249, 11 Brit. Med. Jour., 1909, p. 006. 

«< Dcut. mcd. Woch., 1909, p. 673. 

•» Brit. Med. Jour., 1909, p. 1220. (Bnyly measured digestion by electroconductivity.) 
*• Bcrl. klin. Woch., 1909, p. 1064. 
if Dcut. Archiv f. klin. Med., 1009, p. 62. 
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marked prognostic value in the acute infections, but this view is 
certainly erroneous. 

Looked at as a biological phenomenon, the reaction suggests 
many problems, and lias given rise to a considerable amount of 
research. The chemical nature of the antitrypsin, its character as a 
specific “immune body,” its relationship to artificially produced 
antitrypsin, and the causes of its production, are subjects which 
demand elucidation, if the physiological significance and the patho¬ 
logical import of the reaction are to find an explanation. 

The chemical basis of the antitryptic reaction has not been satis¬ 
factorily determined. It was originally asserted by Glacssner 1 * that 
the antitrypsin was associated with the euglobulin fraction of the 
serum, which is that part of the scrum globulins least soluble in 
water, and roughly corresponds to the fraction which comes down 
in dialyzing or on adding acetic acid to the diluted serum (Iledin"). 
Cathcart,” on the other hand, asserts that the globulins do not pos¬ 
sess antitryptic action, but that this is characteristic of the albumin 
fraction, that is, the fraction precipitated between half nnd full 
saturation with ammonium sulphate. Schwarz” has reached the 
conclusion that the antitryptic fraction of the serum exists in the 
form of a lipoid. He found that he could inactivate nntitryptic 
scrums by washing out the lipoids with ether. Such serums could be 
reactivated by the addition of lecithin. Lecithin in salt solution 
emulsion, if added to serum, exercised considerable tryptic inhibition; 
if the mixtures were kept nt G5° for one hour, this inhibitory activity 
was markedly enhanced, indicating that the inhibitory substance is 
a lipoid-albumin compound. Furthermore, he found by analysis 
that increase in the antitryptic titer of a serum was constantly asso¬ 
ciated with an increase in the amount of ether-soluble substances 
which it contained. These conclusions substantiate the earlier 
findings of Pribram. Interesting ns are these data, they fail to sup¬ 
port the contention that antitrypsin is a lipoid substance. It is well 
known, for example, that lipoids are essential to the activation 
of cobra venom in the production of hemolysis; nevertheless, it 
would be erroneous to consider the lipoid substance as the active 
hemolysin. Lipoids have been shown (Bang”) to play an analogous 
auxiliary role in many processes of immunity, while the essential 
factor, the active agent, is a protein. It is conservative to maintain 
this position with reference to antitrypsin, admitting meanwhile the 
possible importance of lipoids as subsidiary factors. 

Is the so-called antitryptic action of the serum dependent on the 
presence of an “immune hotly,” or is it on accidental property of 
the serum? This question is really of fundamental importance, 
though not at all easy to answer. It was found by Vernon” (hat 


" Hofmeiater’a Beilrage, 1003, lv,-*79. 
w Ibid., 1001. xxxi, 490. 

KrgebnUse d. Phyaiologie, 1009, p. 403. 


'•Jour, rhyaiol., 1G03, p. 193. 
i' Wien. klin. Woch., 1009, p. 1151. 
“Jour. Physiol., 1904, p. 340. 
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egg albumin in solution inhibits the digestive action of trypsin very 
actively. But it is a still more striking fact that charcoal has been 
shown to act as an antitryptie agent, in a manner very similar to 
serum. The amount of inhibition is proportional to the quantity of 
charcoal, to the time of interaction, and to the temperature, just ns it 
is in the ease of serum. In fact, “the nction of charcoal was found 
to agree with that of the tryptic antibody in all respects tried, and 
therefore the neutralizing effect, in all probability, is brought about 
in the same way in both cases” (Ilcdin 21 ). It is perfectly apparent 
that neither egg albumen nor charcoal can in reality contain a true 
antitrypsin, and that, therefore, the effect observed is simply nil acci¬ 
dental phenomenon. It is true of all human serums that they very 
notably inhibit the hemolytic effect of saponin; it would, however, 
lie entirely unjustifiable to argue from this fact to the existence of 
an “nntisnponin.” These theoretical objections to the assumption 
of an "antitrypsin 1 ’ in the serum have, unfortunately, not received 
recognition in the recent literature. On the other hand, it must be 
admitted that certain observations argue strongly in favor of a true 
antitrypsin, ns against a general property of scrum albumin, in the 
interpretation of tryptic inhibition. Chief among these is the 
alleged specificity of the antitryptie action. Specificity is, ns is well 
understood, one of the most striking characteristics of all forms of 
antibody, and its absence may well be interpreted ns a powerful 
argument in the negative. Eisner,'' 5 ns the result of a series of tests 
made with the same serums against rennet, pepsin, emulsin, and 
cobra lipase, arrived at the conclusion that serum does not exhibit 
the properties of a general ferment inhibitor, but that it possesses 
a special and characteristic affinity for trypsin. This observation 
seems to indicate the existence of a specific antibody, a true anti¬ 
trypsin. Glaessncr has also, on insufficient evidence (Cathcart), 
asserted that the antitrypsin of serum is most active against the 
trypsin of the same species, and is somewhat specific even for 
various animal trypsins. The fnefs do not, however, appear to bear 
out these contentions. It has been possible in our laboratory, by 
means of the viscosimeter, to demonstrate that all human serums 
inhibit papain, which is a vegetable proteolytic ferment, in a con¬ 
stant ratio to the degree with which they inhibit trypsin. It seems, 
therefore, impossible to accept the specificity of the antitrypsin of 
the scrum. The antitryptie function is exercised by nil albuminous 
substance, thcrniolabilc, indeed, like file true antibodies, but dif¬ 
fering essentially from these in the lack of specificity. In view of 
this fact, awl of certain other differences, the argument (Meyer 56 ) 
in favor of a true antibody as the basis of Ibis function of the serum 
loses very materially in credibility. 


11 Hiocticmicul Journal, 1000, p. 484, 

** SStschr. f. Immunilatsforschung, 1900, ii, G50. 
« Uerl. Win. Wodi., 1009, p. 2139. 
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Tliis conclusion makes it very much simpler to dispose of the 
much debated problem as to the identity of the normal antitrypsin 
of tlie serum with that produced artificially in animals by the injec¬ 
tion of trypsin. All antiferments hitherto produced by this method 
have been found to be characteristically specific. Thus, by the 
injection of rennet, Morgenroth” succeeded in producing an anti- 
rcnnm which powerfully inhibited the action of the injected ferment, 
hut had no influence on vegetable rennet. The entire subject of 
antiferments is, however, in such a condition of confusion that it is 
almost impossible to draw any very definite conclusions. Aclialnie 28 
produced an active antitrypsin by the injection of trypsin, but 
Landsteiner failed to reproduce this result. In our own laboratory, 
the injection of trypsin into guinea-pigs hns been uniformly without 
effect. The most striking experiments are those recently reported 
from the Pasteur Institute on the result of the injection of pepsin 
and of papain. It has been shown by Cantacuzfcne and Joncscu 18 
that when rabbits are immunized to pepsin by the injection of 
increasing doses, the serum responds by the production of an anti¬ 
body capable of fixing complement, but possesses no increased 
antiferment action. Similarly, Pozerski 30 has shown that the serum 
of animals immunized to papain contains a specific precipitin, and an 
antibody which fixes complement in a characteristic fashion; but 
this very immunized serum is just ns ensily digested by the ferment 
ns is normal serum. The natural antitrypsin, so-called, differs, 
therefore, in many important particulars from the antibody arti¬ 
ficially produced by the injection of ferments into animals, and this 
fact constitutes an additional argument for regarding it ns some¬ 
thing essentially different from a true antibody. 

The conception of antitrypsin as an antibody hns, however, domi¬ 
nated practically all the theories which have hitherto been advanced 
in the attempt to explain it. In spite of the fact that it cannot 
properly be so regarded, these theories do not necessarily forfeit 
their validity. It is perfectly reasonable to assume that the serum 
may respond to a given stimulus by means of a protective mechanism 
which does not answer to the criteria characteristic of antibodies 
and amboceptors. It has generally, and very naturally, been 
assumed that the presence of antitrypsin in the serum is evidence of 
an effort on the part of the organism to protect itself against self- 
digestion! If this be the case, then a tryptic ferment should, theo¬ 
retically, he present in the serum, ami this hns actually been 
demonstrated to be the fact by Ilcdin and by Delezenne; 31 it is, 
therefore, an important matter to determine its source of supply. 

*7 Centmlbl. f. Bnkteriologie, 1809, p. 349. 

**Annnles do I'Institut Pnateur, 1901, xv, 730. 

« Conipt.-rend., do la Soc. do Biol. 1909, p. 63. 

^Annales do l’Institut Pasteur, 1909, p. 205. 

81 Compt.-rend. do la Soc. do Biol., 1903, lv, 132. 
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There are four of such sources theoretically conceivable at present, 
namely, the pancreas, the leukocytes, the organs, and the ncw- 
growths. Each of these has had, and has, its champions, and 
each requires consideration. The pancreas, ns a source of supply 
of trypsin, is a very obvious suggestion. Ambard” suggests that 
the nntitryptic reaction is so marked in cases of gastric carcinoma, 
because this condition is associated with compensatory overactivity 
of the pancreas. There is, however, no evidence that the pan¬ 
creatic trypsin is absorbed from the intestine, and circulates in 
the serum. Moreover, the explanation fails to explain the increase 
in Graves’ disease, or the acute infections. The polynuclear 
leukocytes, as is well known, contain nil active proteolytic fer¬ 
ment in most respects identical with trypsin. It has been urged 
tlmt the constant disintegration of leukocytes must necessarily free 
a considerable amount of this ferment in the serum, and Hedin 
is of the opinion that the tryptic ferment which he succeeded 
in isolating from the serum actually represents the remnant of the 
intraleukocytic ferment. The view that the nntitryptic renction 
of serum is the manifestation of a response to the excessive disinte¬ 
gration of leukocytes has been urged and defended by Jochmnnn,’ 3 
Wiens, 51 Weins and Sehlecht,” Bittorf, 44 Landois, 4 ’ and many others. 
As a result of the study of a large number of pathological conditions 
in which the differential leukocyte curve has been carefully plotted, 
and the autitryptic strength of the serum also has been repeatedly 
determined, it appears that there are certain definite relationships 
between these two factors. It has been quite satisfactorily demon¬ 
strated that with the onset of an infection the nntitryptic index of 
the serum falls, and that with the progress of the infection it gradually 
rises again to the level of the normal, nnd then passes well beyond 
this to a highly increased index (Landois). Wiens, and Wiens and 
Schlecht, have shown that these fluctuations in the nntitryptic index 
are accurately foreshadowed by variations in the leukocyte count, 
but only in so far as the polynuclear leukocytes determine these 
variations. The mononuclear cells do not play any role in influ¬ 
encing the index, and it is, therefore, of importance in the under¬ 
standing of the interrelationship of these phenomena that the differ¬ 
ential count should invariably be made. The explanation of these 
relationships is based on the well-known fnct of the trypsin content 
of the polynuclear cells. With the onset of ncute infections there 
is an immediate and rapid increase in the number of circulating 
polynuclear leukocytes. The inevitable destruction of a certain 


** Sun. Hu'S 1008, p. 532. 

** Mflnch. ined. Woch., 1908, lv, 728; Hofmeisler’s Beitrajje, 1908, p. 449. 

** I)eul. Arch. f. kiln. Med., 1907, p. 450; Mflnch. ined. Woch., 1907, p. 2037; Oenlralbl. 
f. Inn. Med., 1908, p. 773. 

31 Deut. Archlv f. klin. Med., 1909, p. 44. 

” Berl. kiln. Woch., 1909, p. 440. 


» Ibid., 1907, xcl, p.212. 
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proportion of these cells frees nil excessive amount of trypsin, 
which at once neutralizes nil the available antitrypsin in the serum. 
Consequently, the antitryptic index falls well below normal, and 
may even disappear. This is the so-called negative plinse of the 
antitryptic curve. The excess of trypsin in the blood, however, 
stimulates the production, or the mobilizntion, of fresh quantities 
of antitrypsin, which, in accordance with Ehrlich’s interpretation of 
Weigert’s laws of regeneration, are well in excess of the amount of 
trypsin to he neutralized. Consequently, there is a rapid rise in 
the antitryptic index. This is the so-called positive phase of the 
curve. A regulating mechanism of some kind tends, however, to keep 
the amount of antitrypsin in circulation only a little in excess of the 
trypsin, and this gives the value of the normal index. Fluctuations 
of this character, in which the leukocyte count and the curve of the 
antitryptic index pursue a parallel course, constitute a very striking 
feature of all infectious conditions. Wiens went so far as to assert 
that in such conditions a constantly increased antitryptic index was 
an omen of ill import, mid augured the paralysis of the mechanism 
of defence, specifically the polynuclear leukocytes. Thaller 3 * 
reached similar conclusions with reference to puerpernl sepsis. In 
this belief they were unquestionably in error, innsinuch as the index 
is dependent quite ns much on the amount of antitrypsin liberated 
by the body as on the leukocytes which represent the rcnction to 
the disease. Indeed, the majority of acute infections, whether the 
body is in the ascendant or not, are nssocinted with nil incrcnsc in 
the antitryptic index. In addition to these clinical observations, 
there is ample experimental evidence (Miller 3 *) that the injection of 
leukocytes, or of leukocyte extracts, into nnimnls is followed, after 
a preliminary fall, by a marked rise in the antitryptic index. It 
mny be seen from the preceding annlysis that enses of myelogenous 
leukemia would not necessarily be nssocinted with any notable 
variation in the antitryptic index, inasmuch ns the regulatory 
mechanism maintains the index at its eonstniit normal level. Jorli- 
liiann, however, asserts that sudden myelocyte crises mny so flood 
the blood with trypsin that the serum actually assumes digestive 
power, in place of its normal inhibitory function. 

The preceding theory, interesting ns it is, does not fully explain 
the phenomena. There are many conditions, such as diabetes, 
Graves’ disease, and so forth, in which there is no increased pro¬ 
duction of leukocytes, yet the antitryptic index is constantly increased. 
If the leukocyte curve be admitted to nflord a satisfactory expla¬ 
nation of the index in infectious conditions, there still remains a 
considerable number of conditions in which some other explanation 
must be discovered. In addition to the pnnerens and the poly¬ 
nuclear leukocytes, there is another possible source of trypsin in the 


51 Bcrl. klin. Woch., 1009, p. 850. 


*» Ziitralbl. f. Chir., 1909, p. 76. 
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body, namely, (lie cells of (lie (issues. It Jins now been abundantly 
shown that many, if not all, of the tissues contain proteolytic fer¬ 
ments, which are competent to break up these tissues outside of the 
body into a much simpler group of compounds. This process is 
known ns nutolysis, and the ferments in question nrc called nutolytic 
ferments. Although they are actively proteolytic, they appear 
to dilfer in certain particulars from true trypsin. Thus, the end- 
products indicate that an ereptic ferment is almost certainly at 
work (Vernon 40 ). Furthermore, it has been asserted by Jacoby 41 
that these ferments are adapted specifically to the proteolysis only 
of the organs in which they occur, n characteristic which, if mil 
founded (Beebe), 40 would sharply diifercntintc them from true tryp¬ 
sin. In spite of these objections, there nrc certain facts which 
indicate their possible relationship with the nntitryptic phenomenon 
of the serum. In the first place, it is known that the injection of 
tissue other than the pancreas may induce n rise in the nntitryptic 
index. Further, scrum exercises an anti-nutolytic (Baer and I.oeb 4S ), 
just ns it does an nntitryptic, power. Finally, it has been shown by 
Shnlfcr and Iluxton, 44 and others, that glycerin extracts of the various 
organs, including the muscles, nrc capable of displaying marked 
proteolytic powers, when tested, for example, upon milk ngar plntes. 
The difficulty in all observations of this kind consists in excluding 
the leukocytes themselves. If it must he admitted that the condi¬ 
tions of experimentation have not yet permitted a finnl decision as 
to the character of the ferments contained in the organs, the fnct 
still remains that the tissues do contain a proteolytic ferment, prob¬ 
ably very similar to trypsin. In view of this fnct, the theory hns 
been advanced that the destruction of body protein from any cause 
woidd tend to free the proteolytic ferments contnincd in the cells, 
and that the somatic reaction would libernte an excess of nntitrypsin 
in the serum. This theory, it will he seen, is simply an expansion of 
the leukocyte theory, inasmuch ns the leukocytes inny he considered 
as a type of cell distinguished by their increased content of proteo¬ 
lytic ferments. There can, indeed, he no question that it oilers an 
explanation for the increased index in a large number of diseases 
for which the leukocyte theory is entirely inadequate, such ns the 
marasmus of infants (Lust 41 ). This includes not only Conditions 
such as Graves’ disease, diabetes, and chronic tuberculosis, hut cer¬ 
tain acute infections, such as typhoid fever, not associated with 
leukocytosis. There is, however, one very weak point in this theory, 
in spite of the fact that it apparently harmonizes with clinical con¬ 
ditions, and this is the unwarranted assumption tlint heightened 
protein metabolism is necessarily associated with the liberation 

49 Inlrflccllulnr Kmymca, 1009. ** Ztschr. f. Physiol. Chcm., 1001, vol. xxxiil. 

41 Boston Med. nnd Surg. Jour., 1007. 

41 Arch. f. exp. l’nth., 1005, p. 1; 100G, p. G8. 

44 Jour. Med. Research, 1905. “Dcut. mcd. Woeh., 1009, p. 1001. 
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of intracellular ferments. The advocates of the theory have de¬ 
voted a great deal of effort to the support of this assumption. It 
has been asserted (Ftirst) that starvation, with its accompanying 
cellular destruction, raises the index, but this again 1ms been denied 
(Meyer). The effect of cellular poisons, such as piloearpin, phos¬ 
phorus, and potassium cyanide, has been tested, but without the 
expected result in raising the index. The kidneys have been tied 
off, and allowed to necrose in situ, but in spite of the presumptive 
absorption of the cellular constituents including ferments, no rise 
in the antitryptic index was observed. It must be admitted, there¬ 
fore, that experimental data fail to give any support to this theory. 

The increase of the index in cancer is attributed to the same 
cause, namely, the liberation of the intracellular ferments, which 
are well known to be very active in cancerous growths (Bamberg 1 *). 
With the frequent tendency to necrosis in tumors, even if only in 
microscopic areas, there would seem to be abundant opportunity 
for the absorption of ferments. But here, again, the absence of 
evidence that such a process actually does occur is a fundamental 
(law in the theory. 

To sum up, the origin of the hypothetical trypsin which is sup¬ 
posed to act as a stimulant for the production of antitrypsin, or, 
technically speaking, ns antigen, is ns yet undetermined. It may, 
conceivably, arise in the pancreas, or in the leukocytes, or in the 
tissue cells, or in the newgrowths, or in each one of these, under 
varying circumstances, but actual evidence flint it does so arise is 
at the present time an absolute necessity for the establishment of 
the theory. The very first essential is to determine whether or not 
the trypsin, or proteolytic ferment of the blood is increased, in 
accordance with the assumption of the hypothesis, in the conditions 
which give rise to nil increase in the antitryptic index. At the 
present time, no method seems to be available for this purpose. 


THE WASSERMANN AND NOGUCHI COMPLEMENT-FIXATION 
TEST IN LEPROSY . 1 

By Howard Fox, M.D., 

OF NKW YOIIK. 

The first to obtain a positive Wassermann reaction in n case of 
leprosy was Kitncr 1 in 1900. A similar report was made by Wcichsel- 

« Bert. klin. Wocli., 100S, pp. 1390 and 1073. 

• Rent! nt a meeting of the Medicnl Society, of tho State of New York, Jnnuary 24,1010. 

* Ueber den Nachwela von Antikorporn im Serum eines Lcprnkranken mi tie Is Komple- 
mcntablonkung, Wien, klin. Woch., 1000, No. 15, p, 1655. 



